Introduction 2011), and polymeric polyphenols (Tanaka et al., 2009) were prepared as described elsewhere. Analytical HPLC conditions were as follows: Cosmosil 5C 18 -AR II (Nacalai Tesque) column (4.6 mm i.d. × 250 mm) with gradient elution from 4 to 30% (39 min) and 30 to 75% (15 min) of CH 3 CN in 50 mM H 3 PO 4 ; flow rate, 0.8 mL/ min; detection, photodiode array detector (MD-910; Jasco Co., Ltd., Tokyo).
Measurement of pancreatic lipase activity
The pancreatic lipase activity was measured using 4-methylumbelliferyl oleate (4-MU oleate) as a substrate (Kurihara et al., 2003) . Twenty-five microliters of UM, GT, or mixUM-GT solution dissolved in water and 50 μL of 0.1 mM 4-MU solution dissolved in a buffer consisting of 13 mM Tris-HCl, 150 mM NaCl, and 1.3 mM CaCl 2 (pH 8.0) were mixed in the well of a microtiter plate, and then 25 μL of the lipase solution (50 U/mL) in the above buffer was 
Effects of UM, GT, or mixUM-GT on serum and liver lipid concentrations in rats (Experiment I)
Four-week-old male SD rats were purchased from Clea Japan (Tokyo). Rats were individually housed in stainless-steel cages under a controlled atmosphere (temperature, 22 ± 1℃; humidity, 55 ± 5%; light cycle, 08:00 _ 20:00), fed a commercial pellet diet (CE-2; Clea Japan), and allowed free access to water for one week. All animal studies were carried out under the Guidelines for Animal Experiments of University of Nagasaki (Nagasaki), and Law No. 105 and Notification No. 6 of the government of Japan. Rats were assigned to 4 groups of 6 _ 7 animals each. The control diet was prepared according to the modified AIN-93G composition. MixUM-GT was added to the control diet at a level of 0.75% at the expense of cornstarch. In our preliminary experiment, food intake of rats tended to decrease when mixUM-GT was added at the level of more than 1.0% to diets, thus the upper limit of mixUM-GT addition was set at 0.75%. In the manufacturing of mixUM-GT, since green tea leaves and unripe satsuma mandarin fruits were used at a 3:1 ratio, UM and GT were added to the control diet at a level of 0.19% and 0.56%, respectively, which was equivalent to each level used to prepare the 0.75% mixUM-GT diet.
The rats were given free access to the diets and water for 4 weeks. Food intake and body weight were recorded daily. After fasting for 6 h, the rats were sacrificed by decapitation. Blood was collected, and perirenal, epididymal, and mesenteric white adipose tissue, brown adipose tissue, and liver were immediately excised and weighed. The concentrations of serum triglyceride, cholesterol, and phospholipid were enzymatically assayed using commercial kits
(Triglyceride E-test, Cholesterol E-test, and Phospholipid C-Test, respectively; Wako Pure Chemical Industries, Osaka, Japan). Liver lipids were extracted by the method of Folch et al. (1957) and then triglyceride, cholesterol, and phospholipid concentrations were enzymatically measured as described above.
Effect of mixUM-GT dietary level on serum and liver lipid
concentrations in rats (Experiment II) Rats were given a modified AIN-93G diet containing mixUM-GT at a level of 0.50% or 0.75% for 4 weeks. In this experiment, to elucidate the minimum mixUM-GT content required to exert hypolipidemic activity, the dosage of 0.50% was also used. Rats were sacrificed by decapitation after 6 h fasting, and analyses were carried out as outlined in Experiment I.
Enzyme activities related to lipogenesis and lipolysis in liver and brown adipose tissue were also measured. In addition, the gene expression of 3-hydroxy-3-methylglutaryl CoA (HMG-CoA) reductase and cholesterol 7alpha-hydroxylase (CYP7A1) in liver were determined by real-time PCR. 
Preparation of hepatic subcellular fractions

Measurement of enzyme activities in liver and brown adipose
tissue Activities of cytosolic fatty acid synthase (FAS) (Kelly et al., 1986) , glucose 6-phosphate dehydrogenase (G6PDH) (Kelly and Kletzien, 1984) , malic enzyme (Ochoa, 1955) , microsomal phosphatidic acid phosphohydrolase (PAP) (Walton and Possmayer, 1985) , and mitochondrial carnitine palmitoyltransferase (CPT) (Markwell et al., 1973) in liver were determined. CPT activity in brown adipose tissue homogenate was also measured. Protein was assayed by the method of Lowry et al. (1951) using bovine serum albumin as a standard.
RNA isolation and quantitative real-time PCR Total RNA was isolated from 100-μg liver samples using an RNA-iso Plus (Takara Bio Inc., Shiga, Japan). The RNA samples were converted into complementary DNA (cDNA) using PrimeScript RT Master Mix (Takara Bio Inc.). Relative levels of HMG-CoA reductase and CY-P7A1 mRNA were quantified using the THUNDERBIRD SYBR qPCR Mix (Toyobo Co., Ltd., Osaka, Japan) and an ABI 7300 instrument (Applied Biosystems Inc., Tokyo, Japan). The primers were designed in reference to the GenBank database using Primer
Express software (Applied Biosystems Inc.). The 5' and 3' primers for HMG-CoA reductase were 5'-tgcagagaaaggtgcgaagtt-3' and 5'-cgtctccatgagggtttcca-3', respectively. The 5' and 3' primers for Perirenal, epididymal, mesenteric, and the sum of white adipose tissue weights tended to increase in the UM group and decrease in the GT and mixUM-GT groups compared to the control, and the values of mesenteric and total white adipose tissue weights in the GT and mixUM-GT groups were significantly lower than those in the UM group. Brown adipose tissue weight was the same among the groups.
The GT and mixUM-GT diets slightly, but not significantly, lowered the serum triglyceride concentration compared to the control and UM diets (Table 3) . Although serum cholesterol and phospholipid concentrations did not differ among the control, GT, and mixUM-GT groups, the GT group value was significantly lower than that of the UM group. Hepatic triglyceride concentration in the mixUM-GT group was the lowest among the four groups, and differed significantly compared to the control and UM groups.
However, the GT diet did not significantly lower hepatic triglyceride level compared to the control. Hepatic cholesterol concentration was significantly lower in the control, GT, and mixUM-GT groups than in the UM group; however, significant differences were not observed among the control, GT, and mixUM-GT groups. Hepatic phospholipid concentration was not affected by the diets.
Effects of mixUM-GT dietary level on serum and liver lipid concentrations in rats (Experiment II)
No effect of diets was seen in food intake; however, the 0.50% and 0.75% mixUM-GT diets significantly reduced the final body weight compared to the control (Table 4) . Perirenal, epididymal, mesenteric, and total white adipose tissue weights tended to be lower, although not significantly so, in the rats fed mixUM-GT diets than those fed the control diet. No differences were observed in liver and brown adipose tissue weights among the groups.
The serum triglyceride, cholesterol, and phospholipid concentrations tended to be reduced by mixUM-GT diets compared to the control; however, these were non-significant differences (Table 5 ). The hepatic triglyceride concentration dose-dependently decreased with mixUM-GT diet feeding; the 0.75% addition significantly decreased levels by 59% compared to the control. The hepatic cholesterol concentration also decreased in a doseValues are means ± SEM for 6 _ 7 rats per group.
ab Different superscript letters show significant differences at p < 0.05. UM, Unripe satsuma mandarin fruit extract. GT, Green tea extract. MixUM-GT, Mixed fermented tea extract. Table 2 . Effects of dietary unripe satsuma mandarin fruit extract, green tea extract, and mixed fermented tea extract on growth parameters in rats
Values are means ± SEM for 6 _ 7 rats per group.
abcd Different superscript letters show significant differences at p < 0.05. UM, Unripe satsuma mandarin fruit extract. GT, Green tea extract. MixUM-GT, Mixed fermented tea extract. Table 3 . Effects of dietary unripe satsuma mandarin fruit extract, green tea extract, and mixed fermented tea extract on serum and liver lipid levels in rats dependent manner with the mixUM-GT diet; a significant reduction compared to the control was observed in the 0.75% mixUM-GT group. The hepatic phospholipid concentration was identical among the groups.
FAS activity showed a dose-dependent decreasing trend with mixUM-GT diet intake; however, a significant difference compared to the control was not observed (Table 6 ). Supplementation with mixUM-GT did not affect the activities of hepatic G6PDH, malic enzyme, PAP, CPT, and brown adipose tissue CPT, irrespective of the mixUM-GT level.
When mixUM-GT was added to the diets at a level greater than 0.50%, hepatic gene expression of HMG-CoA reductase doubled, and that of CYP7A1 increased 3 _ 4 times (Table 6) ; however, the observed increases were not significant.
Discussion
To elucidate the function of a new fermented tea produced by mixing third crop green tea leaves and unripe satsuma mandarin fruits, which are currently not effectively utilized, we investigated the effects of feeding the fermented tea extract on serum and liver lipid concentrations in rats.
The present study showed that the mixUM-GT diet decreased hepatic triglyceride concentrations in a dose-dependent manner (Tables 3 and 5 ). The reduction of liver triglyceride level is known to be induced through the suppression of hepatic lipogenesis, the acceleration of hepatic lipolysis, and/or the inhibition of intestinal fat absorption. The mixUM-GT diet reduced hepatic FAS activity in a dose-dependent manner (Table 6) Values are means ± SEM for 6 rats per group.
ab Different superscript letters show significant differences at p < 0.05. MixUM-GT, Mixed fermented tea extract. Table 4 . Effects of dietary mixed fermented tea extract on growth parameters in rats Table 5 . Effects of dietary mixed fermented tea extract on serum and liver lipid levels in rats the small intestine.
Supplementation with mixUM-GT exhibited the most potent liver triglyceride-lowering activity among the three extracts (Table   3 ). GT also decreased hepatic triglyceride level compared to the control diet. However, the difference in hepatic hypotriglyceridemic effect between GT and mixUM-GT was not very large. In our previous study, an extract of third crop green tea leaves was found to exert hypotriglyceridemic action through the stimulation of lipolysis (Tanaka et al., 2010) . In this study, mixUM-GT did not enhance CPT activities in either liver or brown adipose tissue (Table 6) , even though green tea leaves were used as a component of mixUM-GT.
Therefore, the mechanism of action of GT and mixUM-GT on triglyceride metabolism appears to differ. This result strongly suggests that the hypotriglyceridemic effect of mixUM-GT is due to the mixUM-GT itself and not to the third crop green tea leaves.
MixUM-GT exhibited a dose-dependent reduction of hepatic cholesterol concentration in experiment II (Table 5) ; the 0.75% supplementation level showed a significant effect. Hepatic CYP7A1 gene expression in rats fed mixUM-GT diet at a greater than 0.50% supplementation level was 3 _ 4 times higher, although not significantly so, compared to the control (Table 6 ). Enhanced CYP7A1 activity is known to induce a reduction in liver cholesterol concentration (Boone et al., 2011) . Therefore, the reduction of hepatic cholesterol level by dietary mixUM-GT is thought to be in part due to the acceleration of liver cholesterol catabolism. Acceleration of fecal steroid excretion (Miyata et al., 2011) and inhibition of synthesis and/or secretion of lipoproteins and apolipoproteins (Temel et al., 2007) strongly induce cholesterol-lowering activity. In the future we intend to examine these parameters. However, a significant reduction of hepatic cholesterol concentration was not observed in experiment I.
Moreover, mixUM-GT did not lower the serum cholesterol level.
Therefore, the hypocholesterolemic effect of mixUM-GT may not necessarily be potent.
MixUM-GT contained narirutin and hesperidin from unripe satsuma mandarin fruits, and caffeine and catechins from green tea leaves (Table 1 ). The amount of caffeine was 1.9 times higher in the mixUM-GT diet than in the GT diet. Li et al. (2008) determined that the concentration of caffeine contained in tea leaves was increased during fermentation. Thus, the higher content of caffeine in mixUM-GT compared to GT is proposed to be induced by fermentation. It is reported that catechin and caffeine in green tea exerted synergistic effects on enhancing fat expenditure in obese mice (Zheng et al., 2004) , and several studies showed that caffeine had lipid-lowering activity (Saito et al., 1974; Kobayashi-Hattori et al., 2005; Quan et al., 2013) . Shimoda et al. (2006) suggested that caffeine was the compound contributing to the suppression of fat absorption in mice, and this effect was observed when 0.05% caffeine was added to the diet. Because the caffeine content was approximate 0.05% in mixUM-GT, the hypolipidemic activity of mixUM-GT may be in part attributed to caffeine.
Black tea polyphenols were detected in the mixUM-GT extract.
Since black tea polyphenols are produced by the oxidation of catechins, it is likely that mixUM-GT was fully fermented by the kneading process alone, without the oxidation process. Black tea polyphenols were reported to induce a hypotriglyceridemic effect (Matsumoto et al., 1998) . We also reported that a fermented tea rich in black tea polyphenols, e.g., theaflavins, theasinensins, and
Values are means ± SEM for 6 rats per group. MixUM-GT, Mixed fermented tea extract. HMG-CoA reductase, 3-Hydroxy-3-methylglutaryl CoA reductase. CYP7A1, Cholesterol 7alpha hydroxylase. Table 6 . Effects of dietary mixed fermented tea extract on lipogenic and lipolytic enzyme activities of liver and brown adipose tissue, and cholesterol synthesis and catabolism gene expression in liver of rats thearubigins, showed hypotriglyceridemic and antiobesity properties (Tanaka et al., 2010) . Recently, Miyata et al. (2013) found that theasinensins exhibited hepatic hypotriglyceridemic effects in rats. Kusano et al. (2008) reported the pancreatic lipase inhibitory activity of theaflavins. Moreover, Nakai et al. (2005) observed that theasinensin A and theasinensin B, as well as theaflavins, strongly inhibited pancreatic lipase activity. We speculate that the liver triglyceride-lowering effect of mixUM-GT is in part induced through the suppression of intestinal triglyceride absorption by caffeine and black tea polyphenols such as theaflavins and theasinensins. et al. (2008) showed that unripe satsuma mandarin fruits contain high levels of narirutin and hesperidin. Citrus flavonoids, especially hesperidin, are also promising in terms of their hypotriglyceridemic function (Bok et al., 1999; Garg et al., 2001; Jung et al., 2006) . Even though UM contains hesperidin, it did not lower serum and liver triglyceride levels (Table 3 ). Hesperidin at 20 mg/100 g diet exhibited an effective hypotriglyceridemic action in rats (Kim et al., 2003) . In this study, we added UM powder to the control diet at a level of 0.19%, which gives only 1 mg of hesperidin per 100 g diet (Table 1) . Therefore, it is likely that the hesperidin content in the UM diet was too low to exert a hypotriglyceridemic effect. Although the amount of unripe satsuma mandarin fruits used to produce UM and mixUM-GT was the same, the levels of hesperidin and narirutin detected in mixUM-GT were 7 _ 8 times greater than those in UM (Table 1) . Notably, hesperidin and narirutin are insoluble in water and alcohol (Okamura et al., 2000; Yamada et al., 2006) . In the present study, because unripe fruits were directly extracted with hot water to produce UM, the amount of hesperidin and narirutin extracted from unripe satsuma mandarin fruits was estimated to be slight. Tanaka et al. (1997 and 2002b) demonstrated that the coexistence of catechins and/or black tea polyphenols with hydrophobic substances such as hesperidin remarkably increased their solubility in water. In fact, we confirmed the increase in hesperidin solubility in heated water by the coexistence of catechins and black tea polyphenols in a fermented tea product made from third crop green tea leaves and unripe satsuma mandarin fruits (Nakayama et al., 2014) . As shown in Table 1 , hesperidin contained in mixUM-GT was approximately 10 mg; however, the lower concentration limit of hesperidin that induces a hypotriglyceridemic effect is obscure.
Fujita
Therefore, we suggest that hesperidin was eluted during the manufacturing of mixUM-GT, contributing in part to the reduction of liver triglyceride level.
It has been demonstrated that catechins, black tea polyphenols, and hesperidin exhibit cholesterol-lowering activity (Ikeda et al., 1992; Matsumoto et al., 1998; Bok et al., 1999; Chan et al., 1999; Maron et al., 2003) . The hypocholesterolemic effect of mixUM-GT may be induced by these components. Lee et al. (2008) pointed out that ECG and EGCG reduced liver cholesterol concentrations through enhanced CYP7A1 mRNA expression in HepG2 cells. Miyata et al. (2011) showed that black tea polyphenols such as theaflavins, theasinensins, and thearubigins induced cholesterollowering activity in the liver through the stimulation of fecal steroid excretion in rats. Hesperidin was reported to exert a hypocholesterolemic effect through the inhibition of apoB secretion, the suppression of acyl CoA cholesterol acyltransferase 2, and microsome triglyceride transfer protein activities in a human hepatoma cell line (Wilcox et al., 2001) . Hence, the relation between cholesterol metabolism and the components contained in mixUM-GT requires future investigation.
In conclusion, the fermented tea made with third crop green tea leaves and unripe satsuma mandarin fruits, materials not currently 
